Background Current pain management protocols involving many anesthetic and analgesic drugs reportedly provide adequate analgesia after TKA. However, control of emetic events associated with the drugs used in current multimodal pain management remains challenging.
Introduction
Current preemptive multimodal approaches to pain management have substantially reduced pain after TKA [32, [35] [36] [37] . However, many anesthetic and analgesic drugs used in these pain management protocols commonly provoke emetic events after total joint arthroplasty, with ranges of patients experiencing such events from 20% to 81% [7, 20, 21, 26] . This contrasts with 15% to 51% using traditional postoperative (nonmultimodal) approaches to pain control [16, 23, 38] . The increase in incidence and severity in iatrogenic nausea and vomiting makes postoperative nausea and vomiting (PONV) important for patients and healthcare providers. PONV reportedly is more distressing to patients than postoperative pain [17, 27, 31, 34] , and inadequate management of pain and emesis is associated with patient dissatisfaction [8, 34] . Furthermore, prolonged PONV can cause dehydration, electrolyte imbalance, delayed oral intake, and airway compromise, which results in delayed recovery and compromised outcomes [1, 15, 17, 29] .
Several studies report variable responses to specific antiemetic drugs [17, 18, 29] . Among various antiemetic drugs tried, serotonin receptor antagonists such as ondansetron [39] , granisetron [41] , and dolasetron [19] are the most commonly used to prevent PONV. Unfortunately, typically they have a too short duration of action to cover the immediate postoperative period and are limited to an antivomiting action rather than an antinausea action [6, 22, 24] . Several studies found ramosetron, a 5-hydroxytryptamine type 3 (5-HT 3 ) receptor antagonist, has more potent and longer-acting properties than do other serotonin receptor antagonists [6, 10-12, 20, 30] . In one study ramosetron reduced the incidence of PONV during the postoperative 2-to 24-hour period compared with ondansetron in patients who were highly susceptible to PONV because of patient factors and drugs used for pain management after TKA [20] . However, the antiemetic efficacy achieved by ramosetron prophylaxis compared with no prophylaxis after TKA remains unclear. Additionally, whether ramosetron influences postoperative pain relief is not well defined.
We therefore sought to determine (1) whether the prophylactic use of ramosetron reduced the incidence of PONV, the severity of nausea, the need for rescue antiemetics, and increased the complete response; and (2) whether ramosetron prophylaxis influenced the postoperative pain level and opioid consumption in patients undergoing TKA who were managed with a contemporary preemptive multimodal pain control protocol.
Patients and Methods
We randomized 119 patients undergoing TKA between September 2009 and February 2010 to receive either ramosetron (experimental group, n = 60) or no prophylaxis (control group, n = 59). During that same time, we treated a total of 259 patients with TKA. In the trial we included only patients with primary osteoarthritis who underwent unilateral TKA and who agreed to participate. We excluded patients with a history of intolerance or allergy to any drugs used in the study, severe bowel motility impairment, the administration of another antiemetic drug or systemic steroid 24 hours before surgery, a history of cardiovascular or respiratory disease, alcohol or opioid dependence, and renal or hepatic functional impairments. In addition, we excluded patients when regional anesthesia was contraindicated, when spinal anesthesia failed, or when femoral nerve block or/and intravenous patient-controlled analgesia were discontinued before the planned schedule. After assessing 153 patients for eligibility, we excluded 11 patients before enrollment for various reasons, which left 142 patients for randomization ( Fig. 1) . A computer-generated randomization table permuted into blocks of four and six was created by a statistician who did not participate in this study. It was used to assign patients to one of the two groups, the experimental group that received ramosetron (Nasea; Astellas, Tokyo, Japan; $37 US per ampule) prophylaxis or the control group that did not. One of two anesthesiologists (JYT, RJH) telephoned a surgeon (KTK) who was not involved in patient recruitment for this trial for allocation consignment just before surgery. The patients and an independent investigator (KBY) who collected all clinical information prospectively were unaware of group assignments until completion of the final data analyses. Seventy-one patients initially were allocated to the ramosetron group and the other 71 to the control group. We excluded 11 patients in the ramosetron group and 12 in the control group according to the defined exclusion criteria, leaving 119 patients (60 in the ramosetron group versus 59 in the control group) for analysis. Final outcome adjudications were completed in March 2010, and the study protocol was registered with ClinicalTrials.gov (NCT01102491, ''The Effect of Multimodal Anti-emetic Protocol on Postoperative Nausea and Vomiting After Total Knee Arthroplasty''). To determine the number of patients required, we performed a priori power analysis based on the results of a pilot study showing an incidence of PONV of 55% in 20 patients not treated with ramosetron. One hundred twelve patients (56 in each group) were required to detect a 50% reduction in the incidence of PONV at an alpha level of 0.05 and with a power of 80% using a two-sided test. To allow for exclusions and dropouts, we enrolled 153 patients after approval was granted by our Institutional Review Board.
There were no differences between the two groups in terms of demographic data and number of risk factors for PONV ( Table 1) .
All patients received the same anesthetic and multimodal pain management protocol, except that 0.3 mg ramosetron was administered intravenously at the end of surgery only to the ramosetron group. Briefly, oral analgesic drugs (10 mg oxycodone SR, 200 mg celecoxib, 75 mg pregabalin, and 650 mg acetaminophen) were administered for preoperative preemptive analgesia on a call basis to all 119 patients before surgery. All patients were premedicated with 0.03 mg/kg midazolam intravenously 30 minutes before induction and received a continuous femoral nerve block (a bolus injection of 30 mL of 0.375% ropivacaine solution followed by a continuous infusion of 0.2% ropivacaine solution at 5 mL/ hour). Spinal anesthesia was administered with 10 to 15 mg 0.5% bupivacaine by one of two anesthesiologists (JYT, RJH). The spinal anesthesia and femoral nerve block were verified to have achieved a complete block before making an operative incision. Anesthesia was maintained with propofol (target blood concentration 0.8-1.5 lg/mL) using a targetcontrolled device (Orchestra; Fresenius Kabi, Bad Homburg, Germany), and O 2 was delivered through a partial rebreathing mask bag at a flow rate of 5 L/minute (FiO 2 0.4). All patients received periarticular injections with a multimodal drug cocktail comprising 300 mg ropivacaine, 10 mg morphine sulfate, 30 mg ketorolac, 300 lg 1:1000 epinephrine, and 750 mg cefuroxime after all prostheses had been fixed with cement [26] .
All surgeries were performed by one surgeon (KTK) using the standard medial parapatellar arthrotomy with a tourniquet. A posteriorly stabilized prosthesis (Genesis II; Smith & Nephew, Memphis, TN, USA) was implanted in all patients. The patella was resurfaced in all cases, and cement fixation was used for all components.
Postoperatively, all patients received intravenous patientcontrolled analgesia, which was programmed to deliver 1 mL of a 100-mL solution containing 2000 lg fentanyl for patients who were 70 years or younger or 1500 lg for patients older than 70 years when patients depressed a button with a 10-minute lockout period. Once patients resumed oral intake, 200 mg celecoxib, 75 mg pregabalin, and 650 mg acetaminophen were administered every 12 hours. An intramuscular injection of ketoprofen (100 mg) was used for acute pain rescue when a patient reported pain of severity greater than 6 on a 0 to 10 VAS. The continuous femoral nerve block and the intravenous patient-controlled analgesia typically were discontinued on the third and fourth postoperative days, respectively, or sooner if the intravenous patient-controlled analgesia pump had been emptied. An intravenous injection of 10 mg metoclopramide was used as a first-line rescue antiemetic treatment when patients experienced two or more episodes of PONV or had severe nausea ([ 4 on a 0-10 VAS) [4] . If severe nausea persisted after two consecutive boluses of metoclopramide in a 30-minute interval, 4 mg ondansetron was administered intravenously as the second-line treatment.
A clinical investigator (KBY) blinded to randomization details prospectively collected demographic data and assessed the risk factors for PONV using predesigned data sheets according to the recommendation of consensus guidelines for the management of PONV [3, 17] . Risk factors and calculated mean risks for PONV were evaluated using the simplified risk scoring system devised by Apfel et al. [2] . This scoring system includes four risk factors, namely female gender, history of PONV or motion sickness, nonsmoking status, and the use of postoperative opioids. The predicted incidences of PONV given the presence of one, two, three, or four of these risk factors are reportedly 21%, 39%, 61%, and 78%, respectively [1, 2] .
The primary outcome variables were incidence of PONV and severities of nausea during three postoperative periods (0-6 hours, 6-24 hours, and 24-48 hours). All episodes of nausea and vomiting during these three periods were recorded by the previously noted clinical investigator (KBY). Nausea was defined as a subjective unpleasant sensation associated with the awareness of the urge to vomit and vomiting as the forceful expulsion of gastric contents from the mouth [40] . The severity of nausea was assessed by patients using a 0 to 10 VAS (the left end [0] corresponded to no nausea and the right end [10] to the worst imaginable nausea). Preoperatively, patients were instructed by the clinical investigator (KBY) to make a mark on the line to represent their level of perceived symptom intensity on the VAS scale in the predesigned data sheet.
The secondary outcome variables were number of times rescue antiemetics were required, whether a complete response to the administered rescue antiemetics was achieved, pain level, and amount of opioid consumption (determined using the intravenous patient-controlled analgesia pump for the three periods). Complete response to an administered rescue antiemetic was defined as no additional experience of nausea and vomiting without the need for another rescue antiemetic [28] . Pain levels were estimated using a VAS that ranged from 0 (no pain) to 10 (worst imaginable pain) for the three periods. Amounts of opioid (fentanyl) consumption also were recorded for each of the three periods and summed to obtain consumption over the entire study period. The incidences of nausea and vomiting were determined for the three periods and for the whole study period by calculating the proportions of patients who experienced nausea and/or vomiting. Additionally, the severity of nausea was assessed using a 0 to 10 VAS scale for patients who had experienced nausea during each study period.
We compared the ramosetron and control groups with respect to primary and secondary outcomes. Chi-square or Fisher's exact tests were used to determine differences in categorical variables, namely sex, presence of PONV risk factors, the incidence of nausea and vomiting, requirements for rescue antiemetics, and proportion of complete response to the administered rescue antiemetics. A Wilcoxon signed-rank test was used to compare continuous variables, namely VAS pain score and the amount of opioid consumption through the intravenous patient-controlled analgesia pump, and Student's t-test was used to compare age, height, weight, BMI, duration of surgery, and calculated mean risk. The variables subjected to multiple comparison included the incidence of nausea and vomiting, the severity of nausea, requirement for rescue antiemetics, the proportion of complete response, VAS pain scores, and the amount of opioid consumption between groups; these were analyzed with repeated-measures ANOVA followed by Bonferroni corrected post hoc analysis. Statistical analyses were conducted using SPSS for Windows (Version 15.0; SPSS, Chicago, IL, USA).
Results
Prophylactic use of ramosetron tended to reduce the incidence of nausea (p = 0.017 or 0.051 with Bonferroni [33] ; à data are presented as calculated mean risk for PONV as determined using the simplified risk scoring system described by Apfel et al. [2] with SDs in parentheses; PONV = postoperative nausea and vomiting.
Volume 470, Number 6, June 2012 Postoperative Emesis and Ramosetron after TKA 1721 correction) but not the incidence of vomiting (p = 0.241), and it tended to improve the rate of complete response and reduce the severity of nausea and need for rescue antiemetics during the 6-to 24-hour period after surgery. However, the overall incidence of PONV, severity of nausea, rescue antiemetic requirement, and complete response were similar in the ramosetron and control groups during the entire study period. During the 6-to 24-hour period, the incidence of nausea was lower (p = 0.051) in the ramosetron group than in the control group (23% versus 44%) ( Table 2) , and the ramosetron group tended to experience less severe nausea (p = 0.09) than the control group (1.0 versus 1.7) ( Table 3) . A smaller proportion (p = 0.069) of patients in the ramosetron group tended to require the use of rescue antiemetics (20% versus 39%) and more patients (p = 0.051) in the ramosetron group had a complete response (77% versus 56%) (Table 4 ). However, no differences were noticed during the other two periods (p = 0.312 during 0-6 hours and p = 0.286 during 24-48 hours) or in the incidence of vomiting among the three periods. The pain level, opioid consumption through the intravenous patient-controlled analgesia pump, and frequency of acute pain rescue were similar in both groups during the entire study period. No group differences were found in terms of mean VAS pain scores, opioid consumption, or frequency of use of acute pain rescue during any of the three periods (p [ 0.1 in all comparisons) ( Table 5 ). IV-PCA = intravenous patient-controlled analgesia; * data are presented as means with SDs in parentheses; pain scores were assessed using the VAS (0 indicates no pain, and 10 the worst imaginable pain); à amount of fentanyl consumption through IV-PCA was measured; § numbers of patients requiring acute pain rescue more than once are presented with their proportions in parenthesis; || p values in parentheses have been corrected by Bonferroni analysis.
Discussion
Current trends in pain management after TKA are toward involving potent anesthetic and analgesic agents that commonly provoke emesis, and so PONV remains a challenging issue. Only one previous study has reported that ramosetron is more potent and longer acting compared with ondansetron after TKA [20] . We therefore determined (1) whether ramosetron prophylaxis reduces postoperative emesis in terms of the incidence of nausea and vomiting, severity of nausea, and requirement for rescue antiemetics; and (2) whether it influences pain levels and opioid consumption compared with no prophylaxis in patients managed with our current multimodal pain management protocol after TKA.
Several limitations of this study should be noted. First, all patients were Korean, and most were older than 61 years. Although age and ethnicity are not clearly identified risk factors for PONV, they could be associated with the incidence of PONV, and thus these factors should be considered before extrapolating our findings to other populations [15, 33] . Second, 11 of 153 enrolled patients (7%) and 23 of 142 allocated patients (16%) were excluded from this study. However, because the incidence and severity of PONV are known to be influenced by numerous factors including patient, anesthesia, and surgery factors [1-3, 15, 17, 28, 29, 40] , we were compelled to apply strict exclusion criteria to provide equal perioperative conditions in both groups to detect subtle differences. Thus, we excluded all patients who had experienced events that may have affected the incidence and severity of PONV. Third, partially ineffective blinding to the treatment assignment may have influenced the results because the control group did not receive a placebo or any prophylactic treatment. However, ramosetron was administered at the end of surgery by one of two nonblinded anesthesiologists (JYT, RJH), and all patients were unconscious because anesthesia was maintained with propofol during the procedure. Fourth, our anesthetic regimen included some components designed to reduce the baseline risk of PONV such as midazolam premedication, propofol maintenance, intraoperative oxygen supplement, and sufficient hydration, which might have influenced measures of the incidence and severity of PONV [9, 17, 24] ; therefore, the pure antiemetic effect achieved by ramosetron may not be depicted precisely by our results. Nevertheless, the antiemetic character of our anesthetic regimen was considered necessary on ethical grounds for patients at high risk for PONV in the control group. Fifth, we did not document the incidence of the side effects of ramosetron in this study. The most frequently reported side effects of serotonin receptor antagonists are headache, dizziness, and drowsiness. However, most anesthetic and analgesic agents used in this study can result in similar, but more potent, side effects. Therefore, we believe the clinical relevance of this is questionable in patients who were managed with our pain management protocol. Nevertheless, there were no differences in terms of the incidence of these events between the two groups, and some previous studies have confirmed the safety of ramosetron [6, 14, 20, 30] . Finally, we showed the statistical significance of our multiply compared variables using their original values and values after Bonferroni analysis. Because Bonferroni correction is too conservative to detect clinical relevance and requires a much larger sample size, we believe it is inappropriate to determine the clinical importance based on an arbitrary statistical value. Thus, care should be taken when interpreting our data based solely on statistical levels.
Our findings partly support the suggestion that prophylactic use of ramosetron could reduce the incidence of PONV, the severity of nausea, and the requirement for rescue antiemetics and improve the complete response compared with no prophylaxis. In this study, the prophylactic antiemetic effect of ramosetron was not complete and was limited to only 6 to 24 hours postoperatively. Our findings concur with those of two previous studies that evaluated the antiemetic effect of ramosetron prophylaxis after major orthopaedic surgery [6, 20] . In those studies, it was concluded that ramosetron had an antiemetic effect on PONV at 2 to 6 hours after surgery. Thus, ramosetron acted mainly on late PONV that develops 2 to 6 hours after surgery that is related to opioid use rather than to early PONV, which is associated with anesthetic factors. Meanwhile, the duration of the prophylactic antiemetic effect of a single bolus of ramosetron has been reported to last up to 48 hours [10, 11, 13] . However, its antiemetic effect in this study was limited to the 6-to 24-hour period after surgery. Although ramosetron reportedly is more potent and longer acting than other serotonin receptor antagonists [10, 13] , the exact duration of action after TKA in patients highly susceptible to PONV is unknown. Our finding that a single ramosetron prophylaxis has limited antiemetic efficacy in patients undergoing TKA who were highly susceptible to PONV suggests antiemetic prophylaxis based on combinations of antiemetic drugs of different classes should be adopted [15, 17] , and an additional dose of ramosetron might be considered to reduce PONV 24 hours after TKA.
However, our data suggest the incidence of PONV in patients undergoing TKA managed with a current multimodal pain control protocol is high. In this study, the overall incidence of PONV in the ramosetron group 48 hours after surgery was 42%. Our findings concur with those of several studies on the incidence of PONV as a primary outcome variable after total joint arthroplasty, which have reported incidences from 25% to 56% [5, 7, 20, 21] (Table 6 ). Of these four studies, two retrospective [7, 21] showed the antiemetic efficacy of aprepitant, and two prospective randomized trials [5, 20] compared the antiemetic efficacy of ramosetron and prochloperazine with ondansetron. However, there was marked interstudy heterogeneity regarding the anesthetic and concomitant pain management protocol. Our findings, when taken together with those of previous studies, indicate a substantial number of patients managed using current multimodal pain management protocols experience PONV after TKA, showing adequate preventive PONV management strategies should be adopted. Our data suggest ramosetron does not influence pain level or opioid consumption. No differences in postoperative pain level or opioid consumption were found. Because the fear of emesis can lead to avoidance of opioid use, this may affect postoperative pain level and opioid consumption. Thus, more effective control of PONV might improve pain relief by allowing more intended use of opioid. However, reports on this issue are contradictory [6, 7, 20-22, 25, 40] . Our findings concur with those of some previous studies that showed no difference in pain level or opioid consumption regardless of antiemetic modality [7, 20, 21] , but not with other studies that found that more effective antiemesis is associated with superior postoperative pain relief [6, 22, 25, 40] . The reasons why PONV control was not associated with pain level in this study are unclear, but this failure may be the result of the limited antiemetic effects of ramosetron prophylaxis or of the effect on pain relief of reducing opioid consumption. The latter was provided by our multimodal pain control protocol, which makes it difficult to detect differences mediated only by the antiemetic therapy.
Our study showed prophylactic use of ramosetron reduces the incidence of PONV and improved the complete response, but it is effective only for a 6-to 24-hour period after surgery. Additionally, we found ramosetron prophylaxis did not influence pain level or opioid consumption. More efficient and comprehensive measures to reduce emetic events after TKA should be explored to complement the current multimodal pain management protocol.
